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CLFV Talks This Week
● MEG Dmitry Grigoriev
● MEG Upgrade Angela Papa
● Mu2e Kevin Lynch
● COMET Ben Krikler
● DeeMee Masaharu Aoki
● Mu3e Roman Gredig
● CLFV at ATLAS Alexander NEHRKORN
● CLFV at BELLE Claudia Cecchi
● CLFV at CMS Craig Blocker

 

● Connections between g-2, EDMs, 
 CLFV and LHC (Theory Overview) Paride Paradisi
 

● PRISM Jaroslaw Pasternak
● Mu2E (beam line) Vladimir Nagaslaev
● Muon beam line for COMET Ye Yang

https://indico.fnal.gov/getFile.py/access?contribId=207&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=208&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=310&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=210&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=211&sessionId=17&resId=2&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=212&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=219&sessionId=17&resId=1&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=221&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=220&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/contributionDisplay.py?contribId=251&confId=8903
https://indico.fnal.gov/contributionDisplay.py?sessionId=22&contribId=250&confId=8903
https://indico.fnal.gov/contributionDisplay.py?contribId=137&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=138&sessionId=37&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/contributionDisplay.py?contribId=141&confId=8903


Yoshi.Uchida@imperial.ac.uk  Charged Lepton Flavour Violation: Experiment—NuFact 2015

1947

...



Yoshi.Uchida@imperial.ac.uk  Charged Lepton Flavour Violation: Experiment—NuFact 2015

1947

...



Yoshi.Uchida@imperial.ac.uk  Charged Lepton Flavour Violation: Experiment—NuFact 2015

1947

...

 10 years after 
discovery of 

the muon

 having been 
distinguished 

from Yukawa’s 
meson 

(Conversi et al)

● Weak interaction universality from atomic e and ¹ -capture
● discussion of whether muon decay involves “β-decay”s:
 ¹ → e + º (with a single type of neutrino)
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1947

   15 cm of Pb

 

   15 cm

Graphite  5 cm

Lead

also similar investigations by Sard and Althaus [1948]
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1947

Geiger
Counters

 

   15 cmLead

Graphite

 Studies of 
fundamental 
properties of 
muon decay

 using
O(1000) 

cosmic events

decay into
how many

particles, and  
which ones

  Demonstrated ¹ → e + ° is not a major component of ¹-decay
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1959

Feinberg, 1958
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1961

...

also Salam,
Nishijima,

Schwinger
and others
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1961

...

also Salam,
Nishijima,

Schwinger
and others



1962: The Second Neutrino Flavour

Discovery of muon neutrinos at
Brookhaven
(Lederman, Schwartz, Steinberger)
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Lepton Flavour Conservation to O(10−6)

● Severe constraint on models of the weak 
interaction

● New conservation laws
● Forced lepton flavour conservation to be 
written into SM
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1955
 Considering electric 

charge conservation 
as a model for (heavy) 

particle number 
conservation

Phys. Rev. 98, 5 (1955)
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1955
 Conservation of 

electric charge is a 
consequence of gauge 

invariance and a 
massless gauge boson

Similar arguments for 
particle number 

conservation lead to a 
repulsion between the 

conserved particles

 Gauge invariance cannot 
explain “heavy particle” 

number (baryon number, 
lepton number etc) 

conservation

Phys. Rev. 98, 5 (1955)
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Lepton Flavour Conservation 
in the Standard Model

● In the Standard Model:

● Lepton flavour is conserved absolutely
● not through a fundamental principle, but 
through the choice of fields

● an accidental symmetry

● Deviations from the SM can introduce 
Lepton Flavour Violation
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Charged Lepton Flavour Violation
● Beyond-the-Standard Model Physics can cause CLFV
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Charged Lepton Flavour Violation
● Beyond-the-Standard Model Physics can cause CLFV
● e.g. introduction of non-zero neutrino mass

● but this is GIM-suppressed:
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Charged Lepton Flavour Violation
● Beyond-the-Standard Model Physics can cause CLFV
● e.g. introduction of non-zero neutrino mass

● but this is GIM-suppressed:

● if CLFV seen, unambiguous signal for new physics 
 (beyond Dirac mº > 0)

● without such cancellations, CLFV signal can be much larger
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Charged Lepton Flavour Violation
● Forbidden entirely in SM

● BSM Physics can give rise to CLFV

● e.g. massive neutrinos

● but CLFV suppressed to less than O(10−50)

● background-free for further new physics 

● Majorana or Dirac? Lepton Number Violation?
● Seesaw mechanism?

● more generally, CLFV rates can be much larger

● highly-sensitive probes to BSM physics
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MEG and MEG-II at PSI

a search for the process
¹+ → e+ + ° 
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Dmitry
Grigoriev
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Angela Papa
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MEG: 
Dmitry Grigoriev
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MEG: Dmitry Grigoriev

About half the total dataset being analysed now;
the collaboration is making sure they do it right
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Angela Papa
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MEGII:
Angela Papa
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MEGII:
Angela Papa

For the LXe photon calorimeter
To replace 2-inch PMTs used by MEG
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MEGII: Angela Papa
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MEGII: Angela Papa



Yoshi.Uchida@imperial.ac.uk  Charged Lepton Flavour Violation: Experiment—NuFact 2015

1975 1985 1995 2005 2015
1E-13

1E-12

1E-11

1E-10

1E-9

1E-8

μ→eγ

Year

10 −8 

10 −10 

10 −12

1975 1985 1995 2005 2015
0

5

10

15

0

20

40

60

80

100

DeltaE_E %
Delta_E_gamma %
Delta_t ns
Delta_theta mrad

¹ → e + °   :
Detector 
Performance



Yoshi.Uchida@imperial.ac.uk  Charged Lepton Flavour Violation: Experiment—NuFact 2015

MEGII: Angela Papa
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Muon-to-Electron Conversion

Mu2e (Fermilab)
COMET (J-PARC)
DeeMee (J-PARC)
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Muon-to-Electron Conversion
● Search for the process

● Time available after formation of muonic atom:
  up to about 1 microsecond (Z-dependent)
● Ee = m¹ 

{ Ebind { Erecoil
 

muonic atom mono-energetic electron
 105 MeV
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Muon-to-Electron Conversion
● Search for the process

● Time available after formation of muonic atom:
  up to about 1 microsecond (Z-dependent)
● Ee = m¹ 

{ Ebind { Erecoil
 

● observed signal is 
smeared because of 
detector effects

muonic atom mono-energetic electron
 105 MeV

m¹
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1955

l 05 MEV
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“MELC”
proposal

from
1980s





Mu2E

COMET
Phase-II

Experimental
Layouts
Mu2e is truer to the
original MELC design



Mu2E

COMET
Phase-II

Experimental
Layouts
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Mu2e

Vladimir Nagaslaev (Thursday) for
Mu2e accelerator details
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At J-PARC Main Ring
Synchrotron Fast Extraction 
Abort Line: extinction through
intentional mis-injection



Mu2E

COMET
Phase-II

Experimental
Layouts

Neutrino Factory-style
Superconducting 
Pion-Capture Solenoids
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Mu2e:
Kevin
Lynch
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COMET Beam Line: Ye Yang (Thursday)

Capture Solenoid
Shielding for a
56 kW beam



Mu2E

COMET
Phase-II

Experimental
Layouts
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Mu2e:
Kevin Lynch
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MUSIC Facility at Osaka
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Different design choice to Mu2e



Mu2E

COMET
Phase-II

Experimental
Layouts
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Mu2e: Kevin Lynch
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Mu2e: Kevin Lynch
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Mu2e

Groundbreaking
April 18, 2015,
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COMET: Ben Krikler
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COMET: Ben Krikler
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The COMET Experimental Hall
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Mu2e: Kevin Lynch
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COMET: Ben Krikler
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PRISM FFAG

Jaroslaw Pasternak (Thursday)
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Masaharu Aoki
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Masaharu Aoki
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DeeMee: Masaharu Aoki
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Mu3e at PSI

a search for the process
¹+ → e+ + e{ + e+
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Mu3e: Roman Gredig
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Mu3e: Roman Gredig
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Mu3e: Roman Gredig

● MEG is here
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Mu3e: Roman Gredig

● MEG is here

●●  Mu3e willMu3e will
    go here    go here
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Mu3e: Roman Gredig
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Mu3e:
Roman Gredig

Less than 50 microns thick,
2 × 2 cm2 area with 80 micron pixels

Next version may be final
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CLFV at Colliders

BELLE/BELLE-II
CMS

ATLAS
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BELLE: Claudia CecchiCLFV tau decays
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Claudia Cecchi
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CMS: Alexander Nehrkorn
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ATLAS: Craig Blocker
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ATLAS: Craig Blocker
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upper limit on 

branching ratios
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Complementarity of CLFV Channels

● The various CLFV channels complement 
each other
● CLFV muons and tau decays
● different muon-to-electron conversion 
nuclei

● CLFV decays of heavier particles
● mesons, vector bosons, Higgses....

● The relative rates can tell us the nature 
of the BSM physics
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Summary
● Charged lepton flavour violation is a powerful probe 
for physics beyond the Standard Model

● Numerous experiments to come online in next few 
years

● challenging experiments resulting in much innovation, 
from beam lines to detectors

● significant improvements and discovery potential
● many technical connections to neutrino experiments
● pion production and capture, manipulation of intense 
muon fluxes, intense proton and muon beam 
diagnostics, novel detector systems, daq, software 
and computing
 

● The big discovery which transforms CLFV may be just 
round the corner, just like with neutrinos in the 1990s....
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Forthcoming CLFV Talks This Week
● Thursday Plenary, 10am: 

● “Connections between g-2, EDMs, 

  CLFV and LHC (Theory Overview)” Paride Paradisi

● Thursday WGs 3&4

● 2.30pm: “PRISM” Jaroslaw Pasternak

● 2.53pm: “Mu2E (beam line)” Vladimir Nagaslaev

● 3.38pm: “Muon beam line for COMET” Ye Yang

● Also many closely-related topics in today’s WG4 
session immediately following this plenary session
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